Background: Dyspnea is a common and ambiguous complaint that results in 3.4 million emergency department
D
yspnea is a common, concerning, and ambiguous complaint often defined as "an uncomfortable awareness of breathing."
1 About 9% of people over the age of 15 have some level of chronic dyspnea, 2 and that percentage increases to 36% in elderly patients. 3 In addition to being a frequent chronic complaint, dyspnea is ubiquitous in emergency departments (EDs), totaling to 3.4 million visits annually. 4 Yet despite its familiar differential, [5] [6] [7] [8] identifying and treating the specific etiology of dyspnea in any one patient remains a challenge. 5 In one multicenter study of admitted patients with dyspnea, physicians failed to consider all probable diagnoses in 46% of cases. 9 Additionally, this mistake was present in 81% of cases with an incorrect diagnosis and/or patient harm, 10 which suggests that an evidence-based differential diagnosis list could markedly improve diagnostic accuracy and reduce patient harm by prompting consideration of all probable diagnoses. It is imperative that providers are able to formulate a complete differential so that critical diagnoses are not missed. While providers-in-training may memorize a comprehensive list of differential diagnoses for each complaint, most of these lists are not categorized in such a way that reflects the actual frequency of the diagnosis. The danger in this is that learners who become independent providers may either focus only on life-threatening causes that they are taught during their training or completely discount them since they are not the most frequent diagnoses.
While the epidemiology of dyspnea has been well explored, 2, 3 only a few smaller studies have attempted to give relative frequencies to its differential diagnosis. The available literature has focused on specific populations, almost exclusively elderly patients, and has been inconsistent beyond the top one or two diagnoses. [11] [12] [13] For example, one study found a 3% prevalence of pulmonary embolism, 12 while a second study reported 18%. 13 A nationally representative study may help reduce the frequency of misdiagnosis for this common complaint. Thus, we sought to describe the characteristics of patients presenting to the ED with dyspnea and their eventual diagnoses and dispositions, as well as determine the percentage of visits with a diagnosis among the life-threatening causes of dyspnea classically taught to providers-in-training. We also assessed the frequency of vital sign abnormalities in these diagnoses. We envision the use of these data at a systemic level for the development of diagnostic algorithms and at a provider level for the assessment of dyspnea by emergency and primary care physicians.
METHODS

Study Design and Data Source
This study is an observational, cross-sectional study based on data available from the National Hospital Ambulatory Medical Care Survey (NHAMCS) for years 2005 to 2014. NHAMCS is a nationally representative sample of visits to nonfederal, general, acute care hospitals in the United States conducted annually by the National Center for Health Statistics.
14 The institutional review board deemed this study exempt from review.
Participants
The National Hospital Ambulatory Medical Care Survey records a primary reason for visit (RFV) for each sampled ED visit, which is a codified description of the patient's presenting complaint. We included visits by patients ages 18 and over with a RFV consistent with a chief complaint of dyspnea, including shortness of breath (RFV 1415.0), labored or difficult breathing (RFV 1420.0), wheezing (RFV 1425.0), and breathing problems not elsewhere classified (RFV 1430.0).
Variables
Our key variable was the principal hospital discharge diagnosis, which is the diagnosis given after ED discharge or after hospital discharge if the patient was admitted. We used the principal hospital discharge diagnosis to calculate the frequency of each diagnosis as a percentage of all included visits, as well as by age subgroups.
Additional variables included triage category, pain scale value, mode of arrival, first triage vitals, and patient disposition. NHAMCS records vitals numerically, so we ascribed qualitative values (normal, abnormal, missing) using published normal ranges of 60 to 100 beats/min for pulse; 90 to 140/60 to 90 mmHg for blood pressure, at least 90% for oxygen saturation, and 12-20 breaths/min for respiratory rate. 15, 16 NHAMCS did not store respiratory rate data until 2007, and so we did not include it in our analysis for 2005 and 2006. NHAMCS changed patient disposition variables to include more detail in 2007, which we maintained in Data Supplement S1 (available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.c om/doi/10.1111/acem.13448/full).
Statistical Methods
The National Hospital Ambulatory Medical Care Survey records the principal hospital discharge diagnosis using Institutional Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) codes. We tallied ICD-9 codes for each visit in our study sample and reported the actual ED visit numbers. We also weighted the ICD-9 code tallies using recommendations found on the NHAMCS website to determine weighted percentages. 14 To categorize ICD-9 codes into meaningful clinical categories, we used the Agency for Healthcare Research and Quality (AHRQ) Clinical Classification Software (CCS), 17 which has been used in other literature for ED visit analyses. 18, 19 We converted ICD-9 codes into CCS multilevel diagnosis codes and calculated the frequency and 95% confidence interval (CI) for each diagnosis code using survey data methods 20 based on weighted values and standard errors provided by NHAMCS.
We also calculated the frequency of life-threatening diagnoses associated with dyspnea generally taught to health care providers in acute care settings, 8 specifically including acute coronary syndrome, acute heart failure, arrhythmia, pericardial tamponade, pulmonary embolism, pneumonia or other infection, chronic obstructive pulmonary disease (COPD), asthma, angioedema/anaphylaxis, poisoning, and trauma. We used published ICD-9-CM case definitions [21] [22] [23] [24] [25] [26] [27] [28] [29] to select visits with each listed diagnosis that also met our inclusion criteria and performed our statistical analysis as described above. We performed all analyses using SAS statistical software, version 9.4. Additional methods are available in Data Supplement S2 (available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/d oi/10.1111/acem.13448/full).
RESULTS
We analyzed 10,170 statistically sampled ED visits, representing 41,989,000 estimated visits nationally. Patients ages 18 to 44, 46 to 64, 65 to 79, and 80 and over represented 27.1, 31.6, 24.9, and 16.4% of ED visits, respectively. Female patients made up 57.4% of ED visits, and 82.4% of ED visits occurred in urban areas. Patients were Hispanic in 10.1% of visits, non-Hispanic black in 21.3%, and non-Hispanic white in 65.2%. The expected payer was private insurance in 23.2% of visits, Medicare in 42.8%, Medicaid in 16.5%, and self-payment in 10.1%. We found at least one triage vital sign abnormality in 76.8% of visits (Table 1) .
In a majority (57.5%) of visits, the patient was discharged from the ED. 8.1% of visits resulted in admission to an intensive care unit (ICU), 24.8% resulted in admission to the inpatient wards, and 1.2% resulted in patients leaving against medical advice. Other dispositions each represented less than 1% of included ED visits (Data Supplement S1).
Other and unspecified lower respiratory disease was the most common diagnosis prior to breakdown by age group, but of the specified diagnoses, congestive heart failure (CHF; 7.7%), obstructive chronic bronchitis (7.8%), acute asthma exacerbation (6.9%), and pneumonia (6.8%) were the four most frequent (Data Supplement S3 [available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/doi/10.1111/acem. 13448/full] lists the top 25 diagnoses). In patients ages 18 to 44, acute asthma exacerbation accounted for 14.8% of all visits and was the most frequently diagnosed illness. Asthma without acute exacerbation represented an additional 12.7%, for a combined asthma frequency of 27.5% in this age group. The leading diagnosis in patients ages 45 to 64 was obstructive chronic bronchitis (11.1%). Visits by patients ages 65 to 79 and 80 and over most frequently resulted in a diagnosis of chronic bronchitis, CHF, or pneumonia ( Table 2 ).
The frequency of classically taught, potentially lifethreatening causes of dyspnea ranged in frequency from near zero to 12.9% among all age groups, with pericardial tamponade being the least frequent diagnosis and asthma the most frequent. In total, 44.6% of all visits for dyspnea ended with a potentially life-threatening diagnosis (Table 3) .
Oxygen saturations and respiratory rates were frequently normal, even for potentially life-threatening diagnoses. For example, only 22.3% of pulmonary embolism cases presented with an oxygen saturation below 90%, similar to the 24.5% in COPD and 20.8% in arrhythmia. We had comparable findings when examining respiratory rate, where 20.0% of acute heart failure cases presented with a respiratory rate greater than 25 breaths/min and, similarly, 19.7% in pulmonary embolism. None of the potentially lifethreatening causes of dyspnea presented with an oxygen saturation of less than 90% or a respiratory rate greater than 25 breaths/min in even one-third of visits (Table 4) .
While respiratory vital signs were not consistently abnormal in life-threatening diagnoses, they were more frequently abnormal in admitted patients and in patients admitted to the ICU. Only 5.6% of cases presenting with an oxygen saturation greater than 96% resulted in admission to the ICU, compared to 14.2% for oxygen saturations of 90% or less. Similarly, 5.6% of cases with respiratory rates under 20 breaths/min resulted in admission to the ICU, compared to 15.9% of cases with respiratory rates greater than 25 breaths/ min (Data Supplement S4, available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/doi/10. 1111/acem.13448/full).
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DISCUSSION
Nearly half of dyspnea visits resulted in a potentially life-threatening diagnosis, with heart failure diagnosed in 8%, COPD in 11.9%, and asthma in 12.9% of all visits. While only nine of the 10,170 sampled visits resulted in death in the ED, 24.8% were admitted to the floor and 8.1% required care in the ICU. Considering that inpatient admission carries a 2% mortality, 30 and ICU patients who survive to discharge have a nearly 40% 3-year mortality, 31 the ED focus of our study likely did not capture the true mortality of patients with dyspnea. We also found a remarkably high ICU utilization of 8.1%, compared to only 1.3% of all ED visits. 4 Such high ICU utilization makes us question whether dyspnea and its comorbid pathologies are simply difficult to manage or if appropriate therapy was delayed secondary to either an ambiguous or incorrect diagnosis.
The findings that asthma is most common in younger patients and that CHF is most common in older patients are not surprising. However, other studies have noted that misdiagnosis can usually be attributed to a failure to consider all possible diagnoses. 9, 10 It is therefore important that clinicians consider the differential diagnosis list beyond the first one or two most common pathologies, especially when, as here, the top three diagnoses account for less than half of all cases.
Missed diagnoses remain a problem in EDs, even for critically ill patients, and lead to increased mortality. One study of elderly patients with acute respiratory failure presenting to the ED noted that emergency physicians missed a diagnosis of CHF, pneumonia, COPD, pulmonary embolism, or asthma in 20% of cases. The study also found that inappropriate treatment occurred in 32% of all cases and resulted in an independent OR for mortality of 2.83. 13 Rapid, accurate diagnostic approaches to common complaints are essential in emergency medicine to reduce the frequency of misdiagnosis and inappropriate treatment.
Finally, our findings suggest that while triage vitals may be important when considering the urgency of intervention, providers should not rely on abnormal vitals to identify life-threatening causes of dyspnea. In other words, while the presence of abnormal vitals must be recognized, the lack of abnormal vitals does not rule out significant pathology.
To improve diagnostic accuracy, we suggest that providers use a Bayesian approach when considering ambiguous cases. For example, while heart failure may Other chronic pulmonary disease 25 - † - †
Respiratory failure 25 - † - † CHF = congestive heart failure; NOS = not otherwise specified; URI = upper respiratory infection. *These categories are mutually exclusive, and their frequencies may be directly summed to create more general categories as needed. †Percentages cannot accurately be calculated for categories with fewer than 30 records. org come to mind as a cause of both chest pain and dyspnea in an 80-year-old patient, chest pain has a pretest probability of 5.7% for heart failure, 19 while dyspnea has a pretest probability of 15.9%. This threefold difference is more powerful than the positive likelihood ratio of an elevated B-type natriuretic peptide or the negative likelihood ratio of a chest radiograph lacking venous congestion. 32 Using our findings, clinicians can go beyond a simple positive or negative test result and consider the true likelihood of a diagnosis, which may help reduce unnecessary testing.
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This study describes an evidence-based differential diagnosis for dyspnea, yet many common chief complaints remain unexplored. Further research is necessary to ensure that providers have complete differentials and accurate pretest probabilities for a variety of common complaints. To accelerate the use of pretest probabilities in common practice, we suggest institutions develop algorithms for an approach to dyspnea based on their own institutional frequencies. We also believe that further development of clinical diagnostic criteria or calculators, such as those currently available for coronary artery disease, 33 infective endocarditis, 34 and acid-base disorders, 35 could improve diagnostic accuracy and patient outcomes. Promising results have already been seen with some calculators that pull information directly from the chart without requiring manual input, which may reduce the added work that additional tools can bring. 36 Our study includes several limitations. First, we analyzed visit-level data, which can double count patients who present twice. Although our analysis accurately described the pretest probabilities given a presentation for dyspnea, these probabilities are not equivalent to estimates of incidence or prevalence. Second, we chose to only include primary diagnoses, although up to three may be available for each record. Including only the primary diagnosis reduces artificial inflation of chronic conditions at the expense of study power. Third, the NHAMCS survey requires visit sampling, data collection, and data entry, all of which are potential sources of error. However, NHAMCS is well documented in the literature as a reliable survey, 37 and the Census Bureau field collection agents routinely perform reviews for completeness and accuracy. Fourth, without access to patient charts, we can only be as accurate as the diagnosing physicians. We have mitigated the effect of misdiagnosis on our results as much as possible by averaging nationwide, including cases with ambiguous diagnoses, and combining admitted and discharged visits, which may have different numbers of providers and diagnostic tests. Furthermore, emergency physicians are highly accurate at baseline, with accuracies from 76% to 96% depending on the diagnosis. 13 Finally, by using static vital sign ranges, instead of age-adjusted or patient-adjusted norms, we may overestimate the number of abnormal vital signs in some subpopulations.
It should also be noted that our data represent the pretest probabilities for the national population. To generalize to a single acute care setting, clinicians need to take into account any variation their patient populations have from those described in Table 1 .
CONCLUSION
We have attempted to establish a differential diagnosis for the patient with dyspnea based on national data for 2005 to 2014. The most frequent specified diagnoses were congestive heart failure (7.7%), obstructive chronic bronchitis (7.8%), acute asthma exacerbation (6.9%), and pneumonia (6.8%), but frequencies differed significantly by patient age. High intensive care unit utilization in patients with dyspnea (8.1%) highlights the importance of an accurate differential. The rates of each diagnosis presented in our study may be used as pretest probabilities, which can aid clinicians in providing more accurate differentials and improve the quality of care they provide to patients with dyspnea.
